Background: Length of stay after non-ST-segment elevation myocardial infarction (NSTEMI) continues to decrease, but information to guide duration of hospitalization is limited. Methods: We used landmark analyses, in which the landmark defined potential days of discharge, to estimate complication rates on the first day the patient would have been out of the hospital, and estimated associations between timing of discharge and 30-day and 1-year event-free survival after discharge among NSTEMI patients. Results: Among 20,410 NSTEMI patients, median length of stay was 7 (4, 12) days; 3,209 (15.7%) experienced a cardiac complication on days 0 to 2 and 1,322 (6.5%) were discharged without complications during hospital days 0 to 2. At the start of day 3, 15,879 patients (77.8%) were still hospitalized without complications. Of these, 1,689 (10.6%) were discharged event-free on day 3. Adjusted event-free survival rates of death or myocardial infarction from day 4 to 30 days after among the 1,689 patients was 99.1% compared with 93.1% for the 14,190 who remained hospitalized at the end of day 3. For 1-year mortality, these rates were 98.1% and 96.4%, respectively. Among 13,334 patients hospitalized without complications at the start of day 4, 1,706 were discharged event-free that day. Adjusted survival rates among these patients, compared with those still hospitalized at the end of day 4, were 98.0% versus 93.7% for 30-day death or myocardial infarction and 97.8% versus 96.1% for 1-year mortality. Conclusions: Patients with NSTEMI who had no serious complications during the first 2 hospital days were at low risk of subsequent short-and intermediate-term death or ischemic events. © 2018 Elsevier Inc. All rights reserved.
associations between timing of actual discharge and 30-day and 1-year event-free survival after discharge among 20,410 NSTEMI patients enrolled in 5 randomized trials of antithrombotic therapy.
Methods

Trial selection
We performed a patient-level pooled analysis of outcomes in 5 acute coronary syndrome clinical trials published from 1996 to 2004 for which we had the complete final database available at the Duke Clinical Research Institute: Superior Yield of the New Strategy of Enoxaparin, Revascularization, and Glycoprotein IIb/IIIa Inhibitors (SYNERGY), 8 Platelet
IIb/IIIa Antagonism for the Reduction of Acute coronary syndrome events in a Global Organization Network (PARAGON)-A, 9 PARAGON-B, 10 Platelet
Glycoprotein IIb/IIIa in Unstable Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT), 11 and Global Use of Strategies To Open occluded coronary arteries in acute coronary syndromes (GUSTO)-IIb. 12 Key elements of each trial are shown in Tables I and II .
Study population
The pooled trial population comprised 39,615 patients with unstable angina, NSTEMI, and STEMI. We included only patients who presented with NSTEMI (n = 20,438), from which we excluded individuals with hospitals stays b0 and N365 days and those with insufficient data to determine discharge timing (n = 28), leaving an analysis population of 20,410 patients.
All patients enrolled in each trial gave written informed consent to participate in that trial, and each trial was approved by local institutional review board or ethics committee. The current analyses were approved by the institutional review board of Duke University Medical Center with a waiver of consent and HIPAA authorization. The authors had full access to the data, designed and conducted the analyses, and assume responsibility for the contents of the article.
In-hospital complications
For our analyses, we categorized patients as uncomplicated or complicated through various hospital days. The date of admission was considered hospital day 0 and subsequent in-hospital days were numbered sequentially. On the basis of our previous work in STEMI populations, "uncomplicated" was defined as the absence of death, MI, recurrent ischemia, shock, heart failure, or stroke through the start of the hospital day of interest. [13] [14] [15] Rates of these complications after each of the first 7 hospitalization days were summarized. We were particularly interested in the rate of events on the following day (eg, events on day 4 when evaluating day 3) as a reflection of the potential risk of discharging too early.
Short-and long-term outcomes
We assessed death or MI through 30 days, and death at 6 months and 1 year after discharge. Although there were subtle differences in the definitions of MI applied by the individual trials, for the purposes of our current analyses, MI was used as adjudicated by the blinded clinical events classification committee for the original trial.
Statistical methods
Descriptive statistics are presented for baseline characteristics of patients with and without complications during days 0 to 2. The group that was uncomplicated from days 0 to 2 was further split into those who remained uncomplicated from days 3 to 7 and those who experienced their first complication on days 3 to 7. Continuous variables were summarized using medians (25th, 75th percentiles) and discrete variables by frequencies (percentages). No statistical testing of differences in baseline characteristics was performed.
Rates of complications were summarized among complication-free patients not yet discharged by the start of days 3, 4, and 5 for the subsequent days to day 7. In other words, for day 3, the rate of death from 4 to 7 days is displayed. For day 4, the rate of death from days 5 to 7 is displayed. This illustrates the additional events one may expect in subsequent days in each cohort of patients who have remained complication free up to each new hospitalization day.
There are 2 sources of confounding we address in our analyses. One is the issue of timing. A patient enrolled hours after the index NSTEMI event is at a different level of risk than a patient who has remained in the hospital complication free for 3 days after NSTEMI. Landmark analyses were applied to address this issue. The second is differences in the comparator groups, in this case, the patient characteristics for those who are discharged versus those who remain in the hospital. Adjustment models were applied accordingly.
Cox proportional hazards models along with landmark methods were used to evaluate the adjusted association between potential timing of discharge and subsequent clinical outcomes. For each landmark of days 3, 4, and 5, this method moves the start of the follow-up forward to the landmark time point and, among those who are in the hospital and complication-free, compares those who are discharged with those who are not on that day. Thus, the landmarks represented time points in the follow-up period from which survival analyses were started, the purpose of which was to establish a cohort of patients who were "eligible" (still in the hospital and complication free) to be discharged at the beginning of the landmark period. Landmarks were prespecified at the beginning of hospital days 3, 4, and 5 on the assumption that uncomplicated patients would generally qualify for discharge within this time frame. Patients who were discharged before the next landmark were compared with those still hospitalized on the subsequent day. Thus, for the first landmark, patients in the hospital and without complications at the beginning of day 3 made up the cohort. Those discharged on day 3 were compared with those not yet discharged. Predicted outcome values are the average predicted value across all patients. Predicted values are generated across the entire cohort assuming they were discharged, and again across the entire cohort assuming they remained in the hospital. Averages are calculated across these 2 sets of predicted values.
Predictor variables from models previously developed for 6-month death (trial, region, age, sex, weight, smoking status, chronic renal insufficiency, Killip class, ST-segment depression on baseline electrocardiogram [ECG], diabetes mellitus, peripheral vascular disease, history of heart failure, heart rate), death or MI (trial, region, age, sex, height, diabetes mellitus, smoking status, heart rate, chronic renal insufficiency, prior MI), and stroke (trial, region, history of heart failure, hypertension, age, prior stroke or transient ischemic attack, heart rate, smoking status, diabetes mellitus, prior MI), and 1-year death (trial, region, age, sex, weight, smoking status, chronic renal insufficiency, Killip class, STsegment depression on baseline ECG, diabetes mellitus, peripheral vascular disease, history of heart failure, heart rate) were used to adjust for differences in baseline characteristics. [8] [9] [10] [11] [12] 16, 17 Considering the exploratory nature of the analyses, statistical significance was declared at a 2-sided α b .01; however, because it is unlikely that all of information that goes into a discharge decision is captured in clinical trials databases, caution should remain when interpreting the results. No further adjustments were made for multiple comparisons. All analyses were performed with SAS software package version 9.2 (SAS Institute, Cary, NC).
No extramural funding was used to support this work. The authors are solely responsible for the design and conduct of this study, all study analyses, and drafting and editing of the manuscript. Figure 1 provides a diagram of patients grouped by occurrence or absence of complications by the beginning of hospital day 3. Table III displays baseline characteristics for all NSTEMI patients (n = 20,410), stratified according to occurrence or absence of complications by the beginning of hospital day 3. Compared with patients who were uncomplicated during days 0-2 (n = 15,879), those who experienced complications (n = 3,209) were more frequently female and from North America. They also more frequently had hypertension, diabetes, and a history of a prior stroke or prior MI.
Results
Baseline patient characteristics
Among 15,879 patients who had no complications from days 0 to 2 and remained hospitalized at the start of day 3, 2,753 (17.3%) experienced subsequent in-hospital clinical events through day 7. Compared with the 13,126 (82.7%) patients who remained uncomplicated from days 3 to 7, those who experienced subsequent complications before 7 days were older and more often had diabetes mellitus or ST-segment depression on presentation ECG. They were less often current cigarette smokers and were more frequently from North America.
Of all patients, 1,322 (6.5%) were discharged without complications from days 0 to 2. Compared with uncomplicated patients who remained hospitalized on day 3 (n = 15,879), these patients were younger, heavier, more often nonwhite, and more frequently from North America. They more often had hypertension, hyperlipidemia, chronic renal insufficiency, and prior revascularization. At presentation, they were more likely to be Killip class 1 and less often had ST-segment depression ECG.
Complications according to hospital day landmarks
The median LOS for all NSTEMI patients was 7.0 (4.0, 12.0) days. Among those with complications (including death) from days 0 to 2, the median LOS overall was 5.0 (2.0, 10.0) days, and after excluding those who died from days 0 to 2, the median LOS was 6.0 (2.0, 10.0) days. The median LOS for all patients without complications from days 0 to 2 was 7.0 (4.0, 12.0) days, and after excluding those who were discharged from days 0 to 2, the median LOS was 8.0 (5.0, 12.0) days. The median LOS varied by trial and region (Table IV) .
The rate of the first occurrence of a specific short-term complication or the composite of any of the events on a specified hospital day landmark among patients without any complications before that hospital day landmark is shown in Figure 2 , and is a surrogate for the out-ofhospital rate through day 7 of that event had the patient actually been discharged on that landmark day. Figure 3 displays adjusted survival estimates (95% CIs) free from prespecified events according to landmark day for uncomplicated patients actually discharged on that day and those who remained hospitalized. After adjustment for clinical factors known to influence the occurrence of these events, survival to 6 months or 1 year was similar to or slightly higher among uncomplicated patients discharged earlier.
Discussion
In our exploration of timing of discharge and subsequent outcomes among NSTEMI patients, more than three quarters of all NSTEMI patients were complication-free from presentation through hospital day 2, and nearly two thirds overall (or 83% of those without complications through day 2) had no complications through 7 days. We demonstrated that NSTEMI patients who did not have serious complications during days 0 to 2 were at low risk of complications on landmark day 3 and for subsequent short-and intermediate-term death and recurrent ischemic events. Adjusted survival rates were high for patients without complications from 0 to 2 days who were actually discharged on day 3 and were similar to those for uncomplicated patients who remained hospitalized for additional days. These observations suggest that many NSTEMI patients without complications through hospital day 2 could be suitable candidates for earlier hospital discharge.
Trends in discharge timing
Both clinical trials databases and population registries confirm that LOS after admission for unstable angina and NSTEMI has steadily decreased. In multicenter, international clinical trials of antithrombotic therapy, LOS fell from 8 days in trials enrolling from 1994 to 1998 to 6 days in trials enrolling from 1999 to 2003 to 5 days from 2004 to 2008. 6 This occurred despite enrollment of higher-risk patients into the trials across these periods and concurrent with decreasing inhospital, 30-day, and 6-month mortality. In the United States, from 2007 to 2009 among 351 hospitals in the ACTION-GWTG registry, the median LOS after unstable angina or NSTEMI was 3 (2, 5) days. 7 This evolution toward shorter hospital stays has occurred in parallel with increasing and earlier use of percutaneous coronary intervention (PCI) and stenting and improved acute antithrombotic options and longterm secondary prevention strategies. 6, 18, 19 The question of why LOS was shorter for complicated than uncomplicated patients remains. We do not know for sure why the median LOS was longer for uncomplicated patients. However, we postulate that the shorter stays among complicated patients likely reflect not only the early (days 0-2) deaths but also in-hospital deaths on later days that were not subsequently studied in our analysis. Furthermore, although we do not have enough information from the case report form to assess this adequately, there is also the potential of early transfer to more advanced centers that were not trial sites and for which the subsequent hospital days not captured. We also note the substantial regional variation in LOS among the uncomplicated patients, and note that in some countries, particularly during the trials conducted earlier in this series, inpatient cardiac rehabilitation was considered part of the index hospitalization and could have contributed to the longer median stay among uncomplicated patients.
Several of the ACS trials used in our pooled analysis required a minimum duration of study drug, which could potentially influence LOS, but was unlikely to have influenced whether a patient remained uncomplicated by a given hospitalization day landmark. In addition, although many of the ACS trials we used were older than the GWTG data, the heterogeneity in timing of discharge within this pooled cohort renders it particularly valuable for our landmark analyses as detailed complications data are not collected in these trials after discharge. Furthermore, one might expect that the estimates we generated of complication rates on a landmark day would be conservative relative to current care given advances in antithrombotic therapy and earlier use of the invasive strategy over more recent years as reflected in GWTG.
Clinical outcomes with earlier discharge
Multiple observational studies and small randomized trials of early discharge in STEMI populations have supported the safety of discharge as early as 3 days after admission in both thrombolytic-treated patients and those treated with primary PCI if they had not had major complications to that point, 13, 15, [20] [21] [22] [23] and have questioned the cost-effectiveness of hospital stays N3 days in STEMI patients. 14 In a recent study from the American College of Cardiology Foundation's CathPCI Registry, mean LOS after primary PCI fell from 4 days in 2005 to 3.6 days in 2009, at which time 45.6% of registry hospitals discharged at least 50% of their low-risk, uncomplicated patients within 2 days. 24 However, patients with NSTEMI tend to be older and have more extensive coronary artery disease and more comorbidities than STEMI patients. Thus, observations about timing of discharge and outcomes from STEMI populations may not translate directly to patients with NSTEMI. Our analyses suggest that as for STEMI, NSTEMI patients who have remained complication-free through 2 hospital days are at low risk for subsequent in-hospital complications, and as a group, they have excellent survival, free from death or recurrent ischemic events, through 30 days, 6 months, and 1 year. These observations are consistent with earlier studies in NSTEMI patients. Before the era of early invasive treatment, one small (n = 458) randomized trial, in which approximately 20% of patients had NSTEMI, showed that outcomes were similar among patients (n = 233) randomized to early (days 3-5) discharge and those (n = 225) randomized to standard discharge (7-9 days) if a pharmacologic stress test result was negative. 25 Larger population-based studies have revealed similar results. In one study of more than 4,100 patients, despite declining duration of hospitalization among uncomplicated MI patients (both NSTEMI and STEMI) over a 10-year period, there were no increases in risk of hospital readmission at 7 or 30 days after hospital discharge or in mortality at 30 or 90 days after discharge. 26 In a large mixed STEMI and NSTEMI population of more than 20,000 Medicare patients across 4 states, LOS declined from just more than 10 days in 1992 to 6.9 days in 2011, with no change in 1-month mortality rates.
Implications of earlier discharge
Ultimately, cost may be the prime motivation for earlier discharge, in particular for uncomplicated acute MI patients. A prior analysis from the GUSTO-1 trial demonstrated that a fourth hospital day in uncomplicated STEMI patients up to the 72-hour time point would cost an additional $105,629 per quality-adjusted year of life; thus, hospitalization of uncomplicated STEMI patients beyond 72 hours was economically unattractive.
14 In an analysis from the VALIANT registry, 50.7% of the variation in cost of MI care among 9 countries was explained by hospital LOS compared with only 31.9% by procedure intensity. 27 In prior STEMI studies, discharge of uncomplicated MI patients on the third hospital day seemed ideal when weighing timing of complications, incremental clinical benefit, and incremental expense.
14,28 However, several challenges and concerns have been cited for not discharging uncomplicated MI patients earlier: concurrent management of concomitant medical factors, poor discharge planning and transition of care, and limited/poor outpatient social support. 14, 29, 30 These factors may be particularly relevant for the older NSTEMI population that also has more baseline comorbidities. Higher rates of readmission among countries with lower lengths of stay may in part point to the need for hospitals to maximize the efficiency and availability of discharge and postdischarge services to manage the tension between earlier discharge and limiting readmission. 
Strengths and limitations
The pooling of 5 large trials conducted over several years allowed us to analyze a large patient population with enough variation in timing of discharge to examine multiple timing landmarks and subsequent complications rates. Also, by pooling large patient data sets from international trials, we were able to study a population representative of various regions and take advantage of regional variation in timing of discharge. Although the pooled trials reflected patients enrolled in trials published from 1996 through 2004 and LOS in practice has since declined, 18% of patients in our analysis were discharged after 2 or fewer uncomplicated days compared with 25% in the recent ACTION Registry-GWTG analysis. We recognize the age of some of the trials used in this pooled analysis, and that clinical practice has evolved to include more intensive medical and invasive management over this period. We would expect from our previous work in this group of trials that with more intensive medical and interventional care that has evolved over the time frame in which these trials were conducted, complication rates (for those we defined: death, MI, recurrent ischemia, heart failure, shock, and stroke) would generally be lower (despite higher predicted risk), 32 although there may be some trade-offs in bleeding and renal dysfunction with greater use of invasive therapy that our databases did not systematically capture. The use of a clinical trials data set does not entirely reflect less selected populations encountered in clinical practice, even when applying a classification scheme based on major in-hospital complications, and our observations are not intended to replace clinical judgment when concurrent clinical characteristics or social situations dictate longer stays among uncomplicated MI patients. Furthermore, we recognize that the art of medicine is alive, and physicians may keep patients in the hospital longer than clinically necessary to catch potential "low-frequency" events. In addition, although we adjusted for differences in baseline characteristics, there may be variables that influence timing of discharge, complications, or clinical events for which we did not or could not account with our statistical methods. For example, the development of acute kidney injury, which could appropriately lead to delayed discharge, was not captured in the databases we used or in our analysis.
In our study, we could not systematically assess transfusion or major bleeding in relation to complication status due the variation in treatments and intervention (use and timing) over time and among the clinical trials. Bleeding complications may be an important component in considering when to discharge a post-NSTEMI patient. However, in one of the few randomized trials of early discharge after elective PCI that included NSTEMI patients (19%), and in which all patients were treated with abciximab, the rates of major bleeding were very low in both groups (0.8% in the same-day discharge group, 0.2% in the overnight stay group). 33 
Conclusions
Patients with NSTEMI who had no serious complications during hospital days 0 to 2 seemed to be at low risk for major complications on day 3 and for subsequent short-and intermediate-term death or recurrent ischemic events. Earlier discharge could be reasonable for many NSTEMI patients. 
